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PERSPECTIVES IN PRACTICE
ood mixture or ingredient sources for dietary
alcium: Shifts in food group contributions
sing four grouping protocols
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BSTRACT

dentifying dietary sources of nutrients by assigning survey
oods to food groups can under- or overestimate the contribu-
ion a group makes to the intake of specific nutrients. Using
alcium and food intakes from USDA’s 1994-1996, 1998 Con-
inuing Survey of Food Intakes by Individuals, the authors
etermined the proportion of dietary calcium from the dairy,
rains, meats, fruits, and vegetables groups using four group-
ng protocols. Calcium contributions from milk and cheese
ere higher as more ingredient sources and fewer survey

ood items were represented in the dairy group. Milk, cheese,
nd yogurt reported as separate survey food items contrib-
ted 42% of total calcium intake. An additional 21% of di-
tary calcium came from dairy ingredients in mixed foods
uch as macaroni and cheese, pizza, sandwiches, and des-
erts. The remaining dietary calcium sources were single
rains (16%); vegetable (7%); meat, poultry, and fish (5%);
ruit (3%); and miscellaneous foods (7%). Data quantifying
he nutrient contributions from dairy ingredients could affect
ietary guidance messages or research using dairy foods as
ariables. J Am Diet Assoc. 2003;103:1513-1519.
utrients from mixed (multiple-ingredient) foods such as
pizza or ice cream are traditionally assigned to major
food groups with nutrients from single-ingredient foods
such as flour, cheese, or milk. Mixture assignments are

sually based on the predominant ingredient in each food. This
pproach hides nutrient contributions from each mixture in-
redient. Thus, some foods or groups are identified as impor-
ant1 nutrient sources (1) when the contributions are less than
epresented. However, if each mixture ingredient was assigned
o its appropriate group, the ranked importance of some food
roup sources for nutrients would shift compared with the
roup rankings when nutrients from the mixtures were as-
igned. For example, macaroni and cheese is traditionally as-
igned to the grain group (2). Because most of the calcium in
his mixed food is from milk and cheese, the proportion of total
alcium intake attributed to grain foods will be overestimated

1Batcher et al (1) defined important or rich nutrient sources as
ood groups providing at least 5% of the total nutrient intake to the
opulation at large and good nutrient sources as food groups provid-

ng at least 10% of the 1980 US RDA in a typical serving.
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PERSPECTIVES IN PRACTICE

1

hile the proportion attributed to dairy foods will be underes-
imated. To meet specific research objectives, researchers
ave reassigned survey foods to select mixture groups to meet
heir research objectives (3,4) or used survey recipe data and
ther ingredient data to estimate the nutrient contributions
rom mixture ingredients (5-7). Estimates of ingredient intakes
re also needed for developing dietary guidance materials,
onitoring nutrient intakes, making regulatory decisions af-

ecting food safety (8), and tracking the Healthy People 2010
bjectives (9) on the variety and consumption of grains, vege-
ables, and fruits and objectives for nutrients (including cal-
ium) that are consumed in amounts too low to meet the di-
tary needs for many sex/age groups. Murphy and Cardoso
10) identified methodological issues that arise when ingredi-
nt data on food mixtures is unavailable to international re-
earchers for assessing health risks and food safety concerns.

Beginning with data from the 1987-1988 Nationwide Food
onsumption Survey, the US Department of Agriculture
USDA) has been developing databases and analytical proce-
ures to identify ingredients of the major grain and meat/poul-
ry/fish mixtures (11). Ingredient-level data also was used to
stimate the number of Food Guide Pyramid servings from
oods (12-15), portion sizes (gram weight) for foods commonly
aten (16), and commodity amounts consumed (17). Over
ime, the methods developed for these databases and analyses
ave become more systematic. The USDA Continuing Survey
f Food Intakes by Individuals (CSFII) recipe and nutrient da-
abases (2) provide a consistent foundation for documenting
he translation of survey food data to information on the ingre-
ients and commodities. Additional research databases con-
tructed by USDA from these foundational sources provide
ultiple options for assigning nutrients from food mixtures or

heir ingredients to specified groups.
The purpose of this report is to demonstrate that differences

mong food group contributions to total calcium intakes can be
easured by using national estimates of calcium consumption

rouped by four distinct protocols. Documentation for these
rotocols have been released with food intake databases or
sed for research reported in peer-reviewed journals
2,6,7,14,15,17,18). The protocols vary in the extent by which
alcium from survey foods, survey foods and ingredients of
ixtures, or ingredients of all survey foods were assigned to

ood groups. Such information is needed to increase under-
tanding of food sources of dietary nutrients using all available
ources, including hidden mixture ingredients. To the best of
ur knowledge, this study is the first to use a comprehensive,
ultiple-level database to determine and compare nutrient

calcium) sources by four unique grouping protocols.

ETHODS

ood and Calcium Intake Data Sources
wo-day average calcium intakes for 18,071 persons aged two
ears of age and older (excluding breastfed children), in US-
A’s 1994-1996 and 1998 CSFII database were used (2). The
998 data were for children nine years of age and under. The
SFII is a nationally representative sample of noninstitutional-

zed persons residing in households in the United States. More
nformation on the methods used to collect and code the di-
tary intakes is available elsewhere (19).
The CSFII technical support files (ie, the recipe and nutrient

atabases) released with the survey intake data (2), USDA’s

utrient Database (NDB) for Standard Reference (20), and the t

514 / November 2003 Volume 103 Number 11
esearch ingredient and commodity files maintained in the
SDA computerized food-data linkage system FoodLink (21)
ere used to determine food and ingredient sources of dietary
alcium.

ixtures, Ingredients, Commodities Defined
total of 9,394 codes represented the unique mixed and single

oods reported by the study sample. Mixed foods include sand-
iches, soups, stews, salads, macaroni and cheese, pizza, and
ven foods with only two or three ingredients such as fried
hicken, sweetened fruit, buttered kale, or french fried pota-
oes. Foods such as bread, cheese sauces, desserts, and snacks
re often assigned to a single food group; however, some re-
earch requires ingredient-level data from these foods. Com-
odities are single ingredient foods that are from one agricul-

ural source, such as milk, ground beef, flour, and cocoa.

ources for calcium data
alcium values for all survey foods and most ingredients were

aken from the CSFII technical support files (2); calcium values
or the remaining ingredient codes were from the NDB (20).
urvey recipes were used to calculate total calcium values for
urvey foods and document ingredients of many food mixtures.
nformation obtained from the Nutrient Data Laboratory of the
SDA Agricultural Research Service was used to develop esti-
ates for ingredient amounts for mixtures such as condensed

oup, which with water, appeared as ingredients in a survey
ecipe for soup, prepared with water. When necessary, ingre-
ient data was obtained from the ingredient and nutrient infor-
ation on food labels or other manufacturer data, using the
rocedure described by Marcoe and Haytowitz (22).

etermining Calcium From Foods And Ingredients
otal nutrients for each food or from mixture ingredients were
etermined by the retention factors method (23,24) using rec-

pe ingredient amounts (grams and calcium mg/100 g ingredi-
nt). Retention factors from a file within the survey recipe
atabase were applied to ingredients to estimate vitamin and
ineral retention after cooking or processing. Recipe data also
rovided factors to adjust raw ingredients in recipes for cooked
oods for moisture and fat changes (% gain or loss). The steps
or the retention factor method are summarized by this for-
ula:

[(ingredient weight in grams)

� (mg calcium per 100 g ingredient � 100)

� (% retention)] � [100% � (%moisture change)

� (%fat change)]

rouping Protocols
ood and/or ingredient sources for calcium were grouped using

our protocols: traditional (TRAD) (2,18), epidemiological
EPI) (6,7), pyramid (PYR) (14,15), and commodity (COMM)
17). There were five major food groups (dairy, grain, fruit,
egetable, meat-poultry-fish/alternates [MPF/alt]) in each pro-
ocol. Foods or ingredients that didn’t meet the criteria for
hese major groups were assigned to “other foods.” Foods as-
igned to other foods by one protocol were sometimes assigned
o a major group by another protocol. For example, ice cream
nd pudding were assigned to dairy foods using the TRAD pro-

ocol, but to Other foods (desserts) using the EPI protocol.
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PERSPECTIVES IN PRACTICE
able 1
ood group definitions by grouping protocols identifying major sources of dietary calcium

ood
roup

Grouping
protocola

Calcium intakeb

(% total)
Major food and ingredient sources for calcium

airy Traditional 48 Milk (flavored and unflavored), milk drinks (cocoa, milkshakes), yogurt, cheese; fluid and whipped
cream, half-and-half, sour cream, cream cheese, infant formulas, meal replacements, and
mixtures mainly dairyc. Excludes milk and cheese used as ingredients in mixtures not mainly
dairy.

Epidemiological 54 Milk, yogurt (not frozen), cheese, and infant formulas. Excludes milk from grain desserts and
breads, milk desserts, and sauces.

Pyramid 60 Milk, chocolate milk, yogurt (not frozen), cheese. Excludes milk from grain desserts and breads,
and milk desserts.

Commodity 63 Milk, yogurt (unflavored, not frozen), and cheese.
rain Traditional 27 Yeast breads/rolls, quick breads (biscuits, corn bread/muffins, nut and fruit breads-muffins,

pancakes, waffles, tortilla/taco shells), French toast; breakfast cereals, pasta, rice; cakes,
cookies, pastries, pies; crackers, flour, popcorn, pretzels, corn chips, and mixtures mainly
graind. Excludes grain used as ingredients in mixtures where grain is not a prominent
ingredient.

Epidemiological 17 Same as TRAD but excludes nut and fruit breads/muffins, grain desserts and pastries, corn
chips, and popcorn; includes rice, pasta, flour and other grain ingredients from mixtures
mainly grain or mixtures mainly MPF/alte

Pyramid 20 Same as TRAD except includes rice, pasta, flour, and other grain ingredients from mixtures
mainly grain or mainly MPF/alt, and sauces.

Commodity 16 Rice, flour, whole grain and bran, dry pasta; leavening from bread, cakes, and other baked
products; added calcium from fortified/enriched cereal grains and fortified breakfast cereals.

PF/alt Traditional 11 Beef, pork, lamb, veal, game, organ meats, frankfurters, sausages, luncheon meats, poultry, fish,
shellfish; meat gravies; eggs; dried beans and peas; nuts, peanuts, seeds; and soy products.
Includes mixtures mainly MPF/alt; excludes MPF/alt used as ingredients in mixtures not mainly
MPF/alt.

Epidemiological 5 Same as TRAD except excludes meat gravies, dried beans and peas; includes MPF/alt
ingredients from all mixtures.

Pyramid 5 Same as EPI.
Commodity 5 Same as EPI.

egetables Traditional 6 White potatoes, dark-green and deep-yellow vegetables, tomatoes, lettuce, green beans, corn,
green peas, lima beans, other vegetables; mixtures having vegetables as a main ingredient;
and vegetable juices. Excludes vegetables used as ingredients in mixtures not mainly
vegetables, and dried beans and peas.

Epidemiological 7 Includes all sources of vegetables, including dried beans and peas and vegetables from
mixtures.

Pyramid 7 Same as EPI.
Commodity 7 Same as EPI.

ruits Traditional 2 Citrus fruits and juices, dried fruits, and other fruits and juices; mixtures having fruit or fruit juices
as a main ingredient. Excludes fruits used as ingredients in mixtures not mainly fruit.

Epidemiological 2 Includes all sources of fruit ingredients except fruit in grain breads, cakes, pies, and breakfast
cereals.

Pyramid 2 Same as EPI.
Commodity 3 Includes all sources of fruit ingredients from all mixtures.

ther foods Traditional 5 Fats, oils, sugars, sweets, beverages (excludes milk drinks); cream substitutes, and gravy.
Epidemiological 16 Same as TRAD, also includes dairy desserts, cream, cream cheese; nut and fruit breads/muffins,

grain desserts, corn chips, and popcorn; broths and consomme, condiments, sauces, chips,
and seasonings.

Pyramid 6 Fats, oils, sugars, syrups, other sweeteners, seasonings, broth/consomme, infant formulas,
cream, cream substitutes, and cream cheese.

Commodity 7 Same as PYR except excludes broth/comsomme; includes food additives such as monocalcium
phosphate (if estimates were available), and leavening when used in a mixture not traditionally
assigned to the grain group (eg, bread pudding or pudding with vanilla wafers).

PF/alt�Meat, poultry, fish, and meat alternates.
Dietary sources for calcium identified by the Agricultural Research Service traditional (TRAD) grouping protocol (2,18) includes only US Department of
griculture survey foods (n�9,394); epidemiological (EPI) protocol (6,7) includes about 3,000 survey foods and ingredients of more than 6,000 mixed survey

oods; pyramid (PYR) protocol (14,15) includes about 2,000 survey foods and ingredients of more than 7,000 mixed survey foods; commodity (COMM) protocol
17) includes only the discrete foods or ingredients (n�1,000) from the 9,394 survey foods.
Source: CSFII 1994-96, 98 (2); 18,071 persons 2 years of age and older; mean calcium intake�790 mg.
Mixtures mainly diary includes cheese/white sauce, dairy desserts (ice cream, imitation ice cream, ice milk, sherbet, frozen yogurt, and other desserts made
ith milk, such as pudding, custard, and baby-food pudding); mixtures having cheese as a main ingredient such as cheese dips and cheese sandwiches coded
s a single item; and flavored yogurt and yogurt with fruit.
Mixtures mainly grain includes foods such as burritos, tacos, pizza, egg rolls, quiche, spaghetti with sauce, rice and pasta mixtures; frozen meals in which
he main course is a grain mixture; noodle and rice soups; and baby-food macaroni and spaghetti mixtures.
Mixtures mainly MPF/alt includes foods such as chicken cacciatore; beef loaf; chili con carne; venison stew; hash; tuna or egg salad; omelets; corn dog; baked
eans; chicken or lentil soup; frozen meals in which the main course is an MPF item; MPF/alt sandwiches coded as a single item (for example, cheeseburger
n a bun or peanut butter sandwiches); meat substitutes that are mainly vegetable protein; and baby-food meat and poultry mixtures.
Journal of THE AMERICAN DIETETIC ASSOCIATION / 1515
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PERSPECTIVES IN PRACTICE

1

hese same foods were considered mixtures for the PYR and
OMM protocols, thus, their ingredients were assigned to the
ppropriate groups in these protocols. Table 1 lists the major
oods/ingredients assigned to groups within each protocol. Se-
ected subgroups were included in the results if they provided
t least 2% of total calcium intake for any sex/age group. This
riteria is consistent to data presented by Subar et al (6,7) on
ietary sources of nutrients. Table 2 provides examples of the
roup assignments by protocols for several foods; some assign-
ents were the same across all protocols, others were different

mong two, three or four protocols.

etermining Dietary Calcium Contributions From Food
roups
database created for each grouping protocol identified, per

00 g food, the amount of calcium from the food or its ingredi-
nts by food groups. These databases were joined with the
SFII intake records; two-day average calcium intakes by food
roups in each protocol were analyzed using SUDAAN (release
.5, 1997, RTI, Research Triangle Park, NC). SUDANN is a
tatistical package appropriate for the complex sample design
f the CSFII. Sampling weights (2) were used to provide a
ationally representative sample of noninstitutionalized per-
ons residing in households in the United States, adjusting the
ample for variable probabilities of selection and differential
onresponse. Sample weights also calibrated the sample to the
ational population along characteristics believed to be deter-
inants of food intake, including such factors as age, race,

able 2
xamples of foods and ingredients assigned to grouping protocols

SDA survey foods Ingredients in the
survey food ARS/Traditional

ilk Milk Dairy (milk)
read Flour, eggs, milk, fat,

sweetener, yeast,
water

Grain (yeast bread)

heeseburger Beef, breads, cheese,
lettuce, onion,
tomato, catsup,
mustard

MPF (mixtures mainly M

hite sauce Milk, flour, margarine,
sesoning

Dairy (milk sauce)

acaroni and cheese Pasta, cheese, white
sauce

Grain (mixtures mainly g

SDA�US Department of Agriculture.
RS�Agricultural Research Service.
PF�Meat, poultry, fish.
thnicity, income, employment status, and day of week. Group T

516 / November 2003 Volume 103 Number 11
ontributions were calculated as the population ratio of total
alcium contributed by a specific group to the total amount
onsumed (25); sample weights were used for both totals.

The calcium contributions for each food group within each
rouping protocol were tabulated for all participants two years
f age and older, and by various sex/age categories. Population
atios were used, thus, tests for statistical differences among
nd between the groups were not appropriate.

ESULTS

airy Calcium By Protocols and Sex/Age Groups
his study provides the most current national estimates for
alcium contributions from foods and/or their ingredients in US
iets. Dairy foods have indisputably been the highest contrib-
tor of dietary calcium (3,4,6,7,18); thus, it was no surprise
hat this group remained the top-ranked source of calcium
ithin each of the protocols used in this study (Table 3). When
airy contributions from each protocol were compared, the
OMM dairy group ranked highest (63% for all persons) com-
ared with contributions from the PYR (60%), EPI (54%), and
RAD (48%) dairy groups. The higher contributions using the
OMM protocol represented contributions from all single-in-
redient sources for unflavored milk, cheese, and yogurt from
ll survey foods, whereas, the TRAD protocol included calcium
ontributions from survey foods that were milk, cheese, yogurt,
nd dairy mixtures.

For all persons, the difference between the COMM and

ed for reporting dietary sources of calcium

ood groups (subgroups) by grouping protocol

Epidemiological Pyramid Commodities

Dairy (milk) Dairy (milk) Dairy (milk)
Grain (yeast bread) Grain (yeast bread) Dairy (milk), grain

(flour, yeast),
MPF/alt (egg),
other foods (fats,
sweetener,
seasoning)

Diary (cheese), grain
(yeast bread),
MPF/alt (beef),
vegetables
(onion, tomato,
lettuce), other
foods (fats,
sweetener,
condiments)

Dairy (cheese) grain
(yeast bread),
MPF/alt (beef),
vegetables
(onion, tomato,
lettuce, tomato
sauce), other
foods (fats,
sweetener,
seasoning)

Dairy (cheese, milk),
grain (flour,
yeast), MPF/alt
(beef, egg),
vegetables
(onion, lettuce,
tomato, tomato
sauce), other
foods (fats,
sweetener,
seasoning)

Other foods
(sauces)

Dairy (milk,
cheese), grain
(flour), other
foods (fat,
seasoning)

Dairy (milk, cheese),
grain (flour), other
foods (fat,
seasoning)

) Dairy (cheese), grain
(pasta), other
foods (white
sauce)

Dairy (milk,
cheese), grain
(flour, pasta),
other foods (fat,
seasoning)

Dairy (milk, cheese),
grain (flour,
pasta), other
foods (fat,
seasoning)
us

F

PF)

rain
RAD milk, cheese, and yogurt subgroup contributions was 21
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PERSPECTIVES IN PRACTICE
able 3
ercent contribution of food groups to total calcium intakes by grouping protocol

ood groupsa Protocol Age (yrs): All <5 6-11 12-19 20-29 30-49 50-69 70�

Gender: MF MF MF M F M F M F M F MF
Mean (mg): 790 820 906 1,132 737 934 675 930 637 779 601 660
% Pop: 100 6 9 6 6 8 7 16 16 8 10 8

4™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™ Percentb ™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™3
airy TRAD 48 65 61 51 49 39 46 44 44 42 45 48

EPI 54 68 65 63 58 53 54 51 50 45 46 47
PYR 60 73 71 68 65 57 60 57 57 52 54 56
COMM 63 75 73 70 67 60 62 60 60 56 58 59

ilk TRAD 31 52 47 37 33 23 27 25 25 26 26 33
EPI 33 53 48 39 35 25 29 27 27 28 28 35
PYR 40 59 54 44 42 29 35 34 35 36 38 44
COMM 42 60 55 45 43 30 37 36 37 38 41 47

heese TRAD 10 8 8 10 10 12 13 13 11 9 9 7
EPI 20 14 16 23 22 28 23 22 21 16 15 11
PYR 20 14 16 23 22 28 24 23 21 16 15 11
COMM 20 14 16 24 23 28 24 23 21 16 15 11

ogurt TRAD 1 2 1 1 1 1 2 1 3 1 3 1
EPI 1 2 1 1 1 1 2 1 3 1 3 1
PYR * * * * * * 1 * * * 1 *
COMM * * * * * * * * * * * *

rains TRAD 27 21 25 30 31 33 28 28 28 27 26 25
EPI 17 13 14 15 15 18 16 17 17 19 18 18
PYR 20 15 17 18 19 21 20 21 20 22 21 21
COMM 16 12 14 15 15 17 16 17 16 17 16 16

ixtures mainly grainc TRAD 11 8 10 15 15 17 12 11 11 7 7 4
east bread TRAD 7 4 5 5 6 7 6 7 7 8 8 8

EPI 8 5 7 7 8 10 8 10 9 10 9 9
PYR 8 5 6 7 7 10 8 9 8 9 9 8
COMM NA NA NA NA NA NA NA NA NA NA NA NA

uick bread TRAD 3 2 3 3 2 3 3 3 3 4 3 3
EPI 3 2 3 2 2 2 2 3 3 4 3 3
PYR 4 2 3 4 3 4 4 4 4 4 4 4
COMM NA NA NA NA NA NA NA NA NA NA NA NA

reakfast cereal TRAD 3 4 3 2 3 2 2 2 2 4 3 5
EPI 3 4 3 2 2 2 2 2 2 3 3 5
PYR 2 3 3 2 2 2 2 2 2 3 3 4
COMM 1 1 * * * * 1 * * 1 1 2

esserts TRAD 3 2 2 2 3 2 3 3 3 3 3 3
EPI NA NA NA NA NA NA NA NA NA NA NA NA
PYR 2 1 2 2 3 2 2 2 3 3 3 3
COMM NA NA NA NA NA NA NA NA NA NA NA NA

nacks TRAD 1 1 1 1 2 2 2 1 1 1 1 1
EPI 1 1 1 * 1 1 1 1 1 1 1 1
PYR 1 1 1 2 2 2 2 1 1 1 1 1
COMM NA NA NA NA NA NA NA NA NA NA NA NA

eat and meat alternates TRAD 11 6 6 10 10 15 12 14 11 14 12 11
EPI 5 3 3 3 3 5 4 5 5 6 5 5
PYR 5 3 3 4 4 5 5 6 5 7 6 6
COMM 5 3 3 4 4 5 5 6 5 7 6 6

eat, poultry & fish (MPF) TRAD 3 2 2 2 2 3 2 3 3 4 3 3
EPI 3 2 2 2 2 3 3 4 3 4 4 3
PYR 3 2 2 2 2 3 3 4 3 4 3 3
COMM 3 1 2 2 2 3 3 3 3 4 3 3

ixtures mainly MPFc TRAD 6 2 3 6 5 9 6 7 6 6 5 4
egetables TRAD 6 3 3 4 4 5 6 7 8 9 9 9

EPI 7 3 4 5 6 7 7 8 8 9 10 9
PYR 7 3 4 5 6 7 7 8 9 9 10 9
COMM 7 3 4 5 6 7 7 8 9 9 10 9

ruits TRAD 2 3 2 1 2 2 2 2 2 2 3 3
EPI 2 3 2 1 2 2 2 2 2 2 3 3
PYR 2 3 2 2 2 2 3 2 3 3 3 3
COMM 3 3 2 2 2 2 3 2 3 3 3 4

ther foods TRAD 5 2 3 4 4 6 6 6 6 5 5 4
EPI 16 10 12 13 16 15 16 17 18 18 18 17
PYR 6 3 3 4 5 8 6 7 7 7 6 5
COMM 7 3 4 5 6 8 7 8 8 8 7 6

ource: CSFII 1994-96, 1998, individuals two years and older (excludes breastfed children).
See Table 1 for examples of foods by food group and grouping protocol.
The standard errors of the percentages from the four protocols ranged from less that 0.05 to 1.8. The percentages may not sum to 100% due to rounding.
Mixtures mainly grain and mixtures mainly MPF are classifications used by ARS to report CSFII intakes and are only assigned in the TRAD protocol.
Percentage is between 0 and 0.5.
Journal of THE AMERICAN DIETETIC ASSOCIATION / 1517
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PERSPECTIVES IN PRACTICE

1

ercentage points. The COMM dairy contribution (63%) was
ne and one-half times higher than the TRAD contribution
42%), demonstrating the importance of single dairy ingredi-
nts from mixtures as sources for dietary calcium. (The cal-
ium contribution from TRAD milk, cheese, and yogurt sub-
roups was 42%; the TRAD dairy (48%) included contributions
6%) from mixed dairy foods such as flavored milk drinks, milk
hakes, ice cream, pudding and custards, cheese sauces, and
ondues.) Differences between the COMM and TRAD dairy
ubgroups by sex/age groups were between 18 and 24 percent-
ge points for male or female adults over 20 years of age, and 13
o 17 percentage points for children two to 11 years of age.

Subar et al (6,7) identified milk, cheese, and yeast breads as
he highest ranked dietary sources for calcium among persons
rom the 1989-1991 CSFII. These three dietary sources pro-
ided 73% of the dietary calcium (6) for children two through
8 years of age, and 61% of the dietary calcium for adults 19
ears and older (7). Among persons from the 1994-1996, and
998 CSFII, children two to five and six to 19 years of age
btained 72 % and 69%, respectively, of their dietary calcium
rom EPI milk, cheese, and yeast breads; adults aged 20 years
nd over obtained about 57% of their total dietary calcium from
hese three food groups. Enns et al (26) identified a downward
rend from 1989-1991 to 1994-1995 in the consumption of milk
nd yeast breads among adults aged 20 years and over, with
ntakes of cheese increasing slightly. However, when Subar’s
ndings and those of this study are compared, these trends

dentified by Enns did not affect the overall contribution of
ilk, cheese, and yeast breads to calcium intakes.

ther Major Groups Ranked by Protocol
anked sources of calcium from the other major TRAD groups,

n descending order after dairy foods, were grains, MPF/alt,
egetables/other foods, and fruits. Grains remained the second
ighest and fruit the lowest-ranked source among the EPI,
YR, and COMM groups. Vegetables ranked third among the
YR and COMM groups. EPI vegetables and other foods con-

ributed nearly the same proportion of dietary calcium as the
econd-ranked EPI grain group. This higher ranking of the EPI
ther foods included dairy desserts and other dairy mixtures
hat were assigned to the TRAD dairy group; ingredients of
hese dairy mixtures were assigned among the major food
roups in the PYR and COMM protocols.

rain Sources for Calcium
alcium contributed from the grains group included calcium
dded for enrichment and fortification of flour, bread, and
reakfast cereals and calcium from the leavening ingredients of
aked products. The mixtures mainly-grain subgroup, assigned
s a subgroup only within the TRAD protocol, was the largest
ource of dietary calcium among the TRAD grain subgroups.
alcium contributions from the ingredients of the mixtures
ainly-grain subgroup were assigned to the appropriate

roups in the EPI, PYR, and COMM protocols. The only COMM

rain subgroup was for single-ingredient cooked breakfast ce-
eals. Other single-grain ingredients, including grains from
eady-to-eat cereal, grain snacks, yeast breads, quick breads,
nd grain desserts, were included in COMM grains.

eats, Vegetable, and Fruit Sources of Calcium
ontributions to total dietary calcium among all persons were
onsistent for the Meat/poultry/fish subgroup (3%), fruits

3%), and vegetables (6% to 7%) for each protocol. Calcium m
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ontributions (2%) from MPF/alt (eggs, soy products, nuts,
nd seeds) subgroups were included only in the total MPF/alt
roup for each protocol. Contributions from vegetable sub-
roups (legumes, dark green leafy vegetables, starchy vegeta-
les including potatoes, or deep yellow vegetables) were unre-
arkable because no subgroup contributed more than 1% of

otal dietary calcium. These results indicate that MPF/alt and
egetable ingredients from mixtures were not important
ources for dietary calcium.

MPLICATIONS FOR RESEARCH AND PRACTICE
alcium remains a nutrient of interest and concern because
ational data indicates that many fail to meet the recom-
ended daily intake (RDI) (27), consume the recommended
umbers of Food Guide Pyramid dairy servings (14,28), or fre-
uently include dark green and yellow vegetables in their diets
18). Among the more remarkable results from this study were
easurable contributions dairy ingredients from food mixtures
ade to dietary calcium from dairy foods. This capability to

dentify additional or diminished calcium contributions from
ngredient sources hidden in mixed foods has been unavailable
o researchers investigating the relationship of dairy calcium to
thletic performance and diseases such as cancer, hyperten-
ion, and osteoporosis. For example, Leachman-Slawson et al
29) examined sources of calcium intakes from dairy foods,
upplements, or other foods among collegiate athletes and de-
ermined that mixed dishes, along with dairy products, pro-
ided most of the calcium intakes among men and women ath-
etes. However, the calcium contributions from the ingredients
f mixed dishes were not reported by Leachman-Slawson.
ngbratt et al (30) compared estimated calcium intakes among
omen 20 to 30 and 50 to 60 years of age based on responses to

wo food questionnaires: one asking only about consumption of
airy foods, the other asking about consumption of calcium-
ich food groups and dishes (mixed foods) in addition to dairy
oods. Their findings demonstrated that information based only
n consumption of dairy foods was sufficient to determine who
ight be at risk for consuming less than the recommended

alcium intake for their age. Shin et al (31) was unable to
emonstrate an association between intake of dairy foods and
reast cancer in postmenopausal women. Wu et al (32) re-
orted that in descending order, vegetables, protein-rich foods
eggs and egg mixtures), dairy, soybean foods, and seafood
ere the main sources of dietary calcium in Asian diets. Mean
alcium intakes of Asian adults 19 to 64 years of age were about
00 mg; the lower calcium intakes for males aged 20 to 24 years
nd females aged 25 to 34 years were attributed to lower in-
akes of dark green and yellow vegetables and dairy products.

Although data about calcium contributions from milk and
heese mixture ingredients can more completely identify dairy
ources for dietary calcium, there are both nutritional and eco-
omic costs from consuming more mixtures with dairy foods.
any mixtures provide more fat and energy per milligram cal-

ium compared with the amount of fat and energy per milli-
ram calcium from milk and cheese. Likewise, mixtures are
ften a more expensive source of calcium than milk or cheese
urchased separately (33,34). For some persons, an additional
airy serving (1 c milk, 8 oz yogurt, 1 to 1 1⁄2 oz cheese) can
aise calcium intakes to recommended levels (14,35). Other
ptions identified for increasing calcium intakes include con-
umption of more calcium-rich vegetables and grains; cereals,
ilk, and juices fortified with calcium; and calcium supple-

ents (27).
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PERSPECTIVES IN PRACTICE
ONCLUSIONS
his study is unique in its ability to:
Completely define all food mixtures by their ingredients;
Quantify the calcium contributions from ingredient sources
idden in food mixtures, especially contributions from milk and
heese;
Demonstrate the complexity of food grouping assignments
hen grouping criteria for food- or ingredient-level data are
ifferent in the protocols used; and
Translate food data into an hierarchical database containing

rouping protocols for aggregated information on foods, ingre-
ients, and commodities.
The need for such a systematic approach to consistently

ranslate national food survey data sources into other measures
s needed to meet a variety of research objectives, including
ssessment of intake by Food Guide Pyramid serving recom-
endations, enhancement and development of dietary guid-

nce materials with a deeper understanding of the dynamic
ole mixture ingredients make to intakes of specific nutrients,
nd economic and safety assessments of food intakes from po-
ential contamination by chemical and biological materials. The
xistence of a food-ingredient-commodity translation database
ith grouping options would help all users of USDA food survey
nd nutrient databases update and manage data files for con-
ucting ingredient and commodity level intake analyses, in-
luding any national, state, and regional survey using the USDA
ood codes.
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